INTRODUCTION
============

Statins are hydroxymethylglutaryl-CoA (HMG-CoA) reductase inhibitors and lipid-lowering agents used for various kinds of dyslipidemia. They also have beneficial effects in ischemic heart disease such as acute coronary syndrome including acute myocardial infarction (AMI) \[[@B1]-[@B5]\]. Statins have shown additional pleiotropic effects beyond their lipid-lowering effect; they improve endothelial function, reduce inf lammation and coronary artery thrombus, and decrease left-ventricular mass, blood pressure, left-ventricular fibrosis, cardiac-valve sclerosis, atrial fibrillation, and mortality in patients with diabetes and renal disease \[[@B6]-[@B11]\]. Consequently, statins are essential medical therapy for patients with ischemic heart disease and dyslipidemia. However, statins comprise many subtypes based on structural differences, resulting in different pharmacokinetics and efficacy. Although different types of statins have slightly different efficacy, no standard exists for selecting a statin in a clinical setting. Generally, statins are classified into hydrophilic and lipophilic groups based on tissue selectivity. Hydrophilic statins, such as pravastatin and rosuvastatin, have less tissue absorption, except for the liver, and fewer side effects due to lower dependence on the cytochrome p450 enzyme \[[@B12]\]. Several studies have compared lipophilic with hydrophilic statins in a clinical setting \[[@B13]-[@B15]\]. In a sub-analysis of the Multicenter Study for Aggressive Lipid-lowering Strategy by HMG-CoA Reductase Inhibitors in Patients with Acute Myocardial Infarction (MUSASHI-AMI) database, hydrophilic statins were shown to be superior to lipophilic statins for preventing new Q-waves and reducing cardiovascular events in normocholesterolemic patients with AMI \[[@B13]\]. Furthermore, inflammation was attenuated by hydrophilic compared with lipophilic statins \[[@B14]\]. However, in a study of patients with coronary artery disease, no significant difference in the incidence of all-cause events was observed with respect to statin lipophilicity \[[@B15]\].

It has not been established which statin is preferable, based on lipophilicity, in patients with AMI. Therefore, we compared the clinical outcomes in patients with AMI who were administered a hydrophilic statin and those administered a lipophilic statin.

METHODS
=======

Study population and statin prescription
----------------------------------------

In total, 1,124 patients diagnosed with AMI from January 2006 to June 2008 were enrolled. All patients were statin naïve and were prescribed a statin during admission. The kind of statin was not changed during the follow-up period. However, dose was increased to obtain the optimal target range of low-density lipoprotein cholesterol (LDL-C, 70-100 mg/dL) \[[@B16],[@B17]\]. Of these patients, 317 were prescribed a hydrophilic statin, including rosuvastatin (90%; mean dosage, 10.7 mg) or pravastatin (10%, 19.3 mg), and 807 patients received a lipophilic statin, including atorvastatin (53%, 16.1 mg), simvastatin (19.5%, 24.7 mg), or pitavastatin (17%, 2.6 mg), based on the preference of the primary physician or cardiologist. The AMI diagnosis was based on clinical presentation, including increased levels of cardiac biomarkers (creatine kinase-MB, troponin-I, or troponin-T) and 12-lead electrocardiographic findings. Any of the following criteria satisfied an AMI diagnosis: typical rise and gradual fall (troponin) or more rapid rise and fall (creatine kinase-MB) of biochemical markers of myocardial necrosis with at least one of the following: 1) ischemic symptoms; 2) development of pathological Q-waves on electrocardiogram; 3) electrocardiogram changes indicative of myocardial ischemia (ST-segment deviation); or 4) coronary artery intervention \[[@B18]\]. All laboratory data were obtained immediately after admission. However, the lipid panel was checked in a fasting state, and two-dimensional echocardiography was performed before discharge. Of these patients, 1,095 (97.4%) completed the 12-month clinical follow-up.

Coronary angiographic and procedural findings
---------------------------------------------

Coronary arterial lesion type was determined according to the American College of Cardiology/American Heart Association classification. The culprit vessel of patients with non-ST-segment elevation MI (NSTEMI) was determined by the coronary angiographic findings, 12-lead electrocardiogram, two-dimensional echocardiogram, and non-invasive stress test, if possible. In cases of STEMI, a 12-lead electrocardiogram was mainly used to identify the culprit vessel. If indicated, a percutaneous coronary intervention (PCI) was performed. All patients received 100-300 mg aspirin and 300-600 mg clopidogrel as a loading dose before PCI. A 50-70 U/kg dose of unfractionated heparin was used before or during PCI to maintain activated clotting time at 250-300 seconds. After PCI, 100-300 mg aspirin and 75 mg clopidogrel were prescribed daily as a maintenance dose. In cases of hemodynamic instability, an intra-aortic balloon pump (IABP) was inserted to support hypotension.

In-hospital outcomes and clinical endpoints
-------------------------------------------

Baseline clinical characteristics, laboratory findings, and procedural findings were analyzed. In-hospital complications including mortality, periprocedureal cardiogenic shock, ventricular fibrillation or tachycardia, infection, major or minor bleeding, renal insufficiency, and other arrhythmias such as bradycardia or supraventricular tachycardia were evaluated. Clinical follow-up was performed at 1, 6, and 12 months. Endpoints were analyzed as a composite of major adverse cardiac events (MACE: all-cause death, recurrent MI, repeated PCI, and surgical revascularization), cardiac death, non-cardiac death, or MI, and repeated PCI. Additionally, the baseline lipid panel was checked, and a 1-, 6-, and 12-month follow-up lipid panels were checked to observe the efficacy of each statin type. Recurrent MI was defined as recurrent symptoms with new electrocardiographic changes reflecting MI or increased cardiac biomarkers at least twice the normal upper limit \[[@B19]\]. Repeated PCI included target-lesion revascularization, target-vessel revascularization (TVR), and non-TVR \[[@B20]\].

Statistical analysis
--------------------

Statistical analyses were performed with SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Continuous variables are presented as mean ± standard deviation, and these were compared using the Student *t* test. Categorical variables were analyzed by the chi-square test. A paired *t* test was performed to observe significant changes in serum lipid levels. Cox regression analysis was used to compare endpoints between the two groups. Significant variables in the univariate analysis (*p* \< 0.1) for endpoints were included in the Cox-regression analysis. The included variables were age ≥ 65 years, Killip classification ≥ 3/4 on admission, history of diabetes mellitus, multi-vessel disease on coronary angiography, left main stem as a culprit vessel, drug-eluting stent (DES) implantation, ventricular arrhythmia during admission, periprocedural cardiogenic shock, IABP insertion, left ventricular ejection fraction \< 40% by two-dimensional echocardiography, high creatinine level (≥1.5 mg/dL), and high-sensitivity C-reactive protein (hs-CRP) level greater than a median value of 0.803 mg/dL. All analyses were two tailed, and all variables were considered significant when the *p* value was \< 0.05.

RESULTS
=======

Clinical characteristics and procedural findings
------------------------------------------------

Baseline demographic, laboratory, and clinical findings were similar between the two groups. Additionally, PCI rate (hydrophilic statin, 89.0% vs. lipophilic statin, 89.1%, *p* = 0.947), PCI with coronary stents (84.5% vs. 85.6%, *p* = 0.641), and DES implantation rate (78.0% vs. 78.1%, *p* = 0.956) were not different between the two groups. However, statin initiation time from admission and initiation rate ≤24 hours after admission was higher in the hydrophilic statin group (48.6% vs. 40.0%, *p* = 0.011) ([Table 1](#T1){ref-type="table"}). No significant differences in the rate of multi-vessel coronary artery disease, left main stem disease, and the location of the culprit vessel were observed. PCI success rate, presenting as post-PCI thrombolysis in myocardial infarction flow grade ≥ 2/3, was similar between the two groups. However, mean stent length implanted into the culprit vessel was longer in the lipophilic statin group (23.7 ± 5.5 mm vs. 24.6 ± 5.8 mm, *p* = 0.016) ([Table 2](#T2){ref-type="table"}).

In-hospital outcomes and endpoints during clinical follow-up
------------------------------------------------------------

The rates of in-hospital complications were similar between the hydrophilic group and lipophilic group (11.7% vs. 12.8%, *p* = 0.688). During the 12-month clinical follow-up, 210 endpoints were identified (18.9% of all patients). Although 1- and 6-month MACE rates were higher in the hydrophilic statin group, the 12-month MACE rate was not different between the hydrophilic group and lipophilic group (21.5% vs. 17.9%, *p* = 0.172). No difference was observed for repeated PCI between the two groups. However, death and MI rate were higher in the hydrophilic statin group at the 12-month follow-up based on a crude analysis (10.0% vs. 6.2%, *p* = 0.039) ([Table 3](#T3){ref-type="table"}). The levels of LDL-C, high-density lipoprotein-cholesterol (HDL-C), triglyceride (TG), and total cholesterol (TC) were similar between the two groups at the 1-, 6-, and 12-month follow-ups ([Fig. 1](#F1){ref-type="fig"}). None of the statins changed the levels of serum HDL-C or TG. However, they reduced the levels of LDL-C and TC at the 12-month follow-up (LDL-C, *p* \< 0.001 and TC, *p* \< 0.001, respectively).

Multivariate analysis for MACE
------------------------------

After adjusting for confounding factors, the hydrophilic statins did not predict cumulative MACE (hazard ratio \[HR\], 1.29; 95% confidence interval \[CI\], 0.93-1.80; *p* = 0.122), all-cause death or MI (HR, 1.32; 95% CI, 0.73 to 2.34; *p* = 0.352), and repeated PCI (HR, 1.10; 95% CI, 0.73 to 1.63; *p* = 0.655) ([Table 4](#T4){ref-type="table"} and [Figs. 2](#F2){ref-type="fig"}-[4](#F4){ref-type="fig"}). Results of the 1-year multivariate analysis for MACE are presented in [Table 5](#T5){ref-type="table"}.

DISCUSSION
==========

No differences were observed in the 12-month clinical outcomes in patients with AMI based on statin lipophilicity. Few clinical and basic studies have compared hydrophilic and lipophilic statins. Two studies could not demonstrate which type of statin was better in an AMI setting \[[@B13],[@B15]\]. In a study comparing the two types of statins, cognitive impairment associated with statins use in 24,595 patients was significantly different in the two types of statins. Moreover, the lipophilic, but not the hydrophilic, statin induced cell death in gynecological cancers expressing high levels of HMG-CoA reductase, and enhanced phagocytosis in human peripheral blood \[[@B21]-[@B23]\]. Similarly, clinical and basic studies have not standardized which statin type is preferable. Therefore, our study was designed to compare the clinical outcomes between the two types of statin in patients with AMI.

In our study, more patients were prescribed a hydrophilic than a lipophilic statin within 24 hours after admission. Although controversy remains, early statin therapy has been reported to improve cardiovascular outcome in patients with AMI \[[@B4],[@B24]\]. However, the univariate analysis in our study did not show that early statin therapy influenced clinical outcome. Additionally, the prevalence of dyslipidemia on admission was relatively low in our registry. This might be associated with enrollment of statin naïve patients. In our study, both statin groups had reduced serum LDL-C and TC at the 12-month follow-up. The TC-lowering effect was considered secondary to the LDL-C-lowering effect. Although statins do not influence the levels of serum HDL-C and TG, they reduce LDL-C \[[@B12]\]. The 12-month lipid profiles appeared worse than those at 6 months. However, longer follow-up periods and larger-scale studies are needed to confirm this issue. Short-term MACE occurred more frequently in the hydrophilic-statin group. Variables not included in our registry such as cardiopulmonary resuscitation, symptom-to-door time, staged PCI, and door-to-PCI time may have influenced these results. After correcting for confounding factors, the Cox regression analysis of different rates of death or MI at the 12-month follow-up revealed no difference between the two groups.

We conducted a subgroup analysis by the presence of ST-segment elevation. No differences in baseline characteristics and cardiovascular risks were observed in 757 patients with STEMI in our registry. Clinical endpoints showed a similar tendency compared with the total AMI group analysis. The 12-month composite MACE, death or MI, and repeated PCI rates were also similar between the two groups ([Table 6](#T6){ref-type="table"}). hs-CRP is a marker for inflammation and is associated with adverse cardiovascular outcomes \[[@B25]\]. In a subgroup analysis of 535 patients with high hs-CRP (greater than the median value of 0.803 mg/dL), no differences in 12-month clinical endpoints were observed ([Table 7](#T7){ref-type="table"}).

Our study had several limitations. First, selection bias may have been present because of the retrospective nature of the study. Second, although we included as many variables as possible, other variables may have affected our results. For example, undergoing cardiopulmonary resuscitation, symptom-to-intervention time, and high statin loading dose may have affected the clinical results. Third, statin selection was not standardized; it was the decision of the physician or cardiologist. Fourth, side effects of statin therapy such as myopathy or hepatotoxicity were not compared between the two groups. Fifth, we could not collect detailed information about all-cause death or MI. Because the differences in the 1- and 6-month clinical outcomes between the two groups were mainly caused by differences in all-cause death and MI, we should have had detailed information about death and MI. Finally, reducing periprocedural MI is a current issue for statin therapy, and statin use is associated with a reduced rate of periprocedural MI \[[@B26]\]. However, the subjects in our study had AMI but not angina. Consequently, it was difficult to compare the periprocedural MI rate between the two groups; thus, a large-scaled randomized controlled trial will be needed.

In conclusion, although, short-term cardiovascular outcomes were better in the lipophilic-statin group, long-term outcomes were similar in the hydrophilic- and lipophilic-statin groups in patients with AMI. In other words, statin type did not influence long-term outcomes in patients with AMI.

This work was supported by a grant from the National Research Foundation of Korea funded by the Korean Government (MEST), Republic of Korea (2010-0020261), and by a grant from the Korea Healthcare Technology R&D Project, Ministry for Health, Welfare, and Family Affairs, Republic of Korea (A084869).

No potential conflict of interest relevant to this article was reported.

![Changes in the lipid panel at follow-up (solid line, lipophilic-statin group; dotted line, hydrophilic-statin group. *p* value represents the statistical difference between the lipid values of the hydrophilic- and lipophilic-statin groups). HDL, high-density lipoprotein; LDL, low-density lipoprotein.](kjim-26-294-g001){#F1}

![Major adverse cardiac event (MACE)-free survival rates during follow-up.](kjim-26-294-g002){#F2}

![Death/myocardial infarction (MI)-free survival rates during follow-up.](kjim-26-294-g003){#F3}

![Repeated percutaneous coronary intervention (RePCI)-free survival rates during follow-up.](kjim-26-294-g004){#F4}

###### 

Baseline demographic, laboratory, and clinical findings
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Values are presented as mean ± SD or number (%).

CAD, coronary artery disease; EF, ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; BNP, B-type natriuretic peptide; CRP, C-reactive protein; ACE, angiotensin-converting enzyme; ARB, angiotensin-II receptor blocker.

###### 

Angiographic findings and procedural characteristics
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Values are presented as number (%).

CAD, coronary artery disease; PCI, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction; IABP, intra-aortic ballooning pump.

###### 

In-hospital and clinical outcomes

![](kjim-26-294-i003)

Values are presented as number (%).

MI, myocardial infarction; PCI, percutaneous coronary intervention.

###### 

Adjusted 12-mon clinical outcomes for hydrophilic statins compared with lipophilic statins
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OR, odds ratio; CI, confidence interval; MACE, major adverse cardiac events; MI, myocardial infarction; PCI, percutaneous coronary intervention.

###### 

Multivariate analysis for 1 year MACE
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MACE, major adverse cardiac events; DES, drug-eluting stent; IABP, intra-aortic balloon pump; LV, left ventricle; hs-CRP, high sensitivity C-reactive protein.

###### 

Clinical characteristics and outcomes in the STEMI subgroup
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Values are presented as mean ± SD or number (%).

STEMI, ST-segment elevation myocardial infarction; EF, ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention.

###### 

Clinical characteristics and outcomes in patients with high hs-CRP
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Values are presented as mean ± SD or number (%).

hs-CRP, high sensitivity C-reactive protein; BNP, B-type natriuretic peptide; EF, ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention.
